of the cosmic microwave background -the relic radiation from the Big Bang -constrain neutrino masses to be surprisingly small compared with the other standard-model particles. An explanation for these small masses arises in a theoretical framework called the see-saw mechanism [3] [4] [5] , but only if neutrinos are Majorana. Therefore, not only would a measurement of 0νββ decay prove the Majorana hypothesis, but also the decay rate could give us some idea of the mass scale of neutrinos.
Only a few isotopes (such as germanium-76, tellurium-130 and xenon-136) have the potential to undergo 0νββ decay, whereby two neutrons are converted into two protons, emitting two electrons (β-particles). A Majorana neutrino must also be emitted from one neutron and reabsorbed as an antineutrino by the other -the process is said to be 'neutrinoless' because no neutrinos are released from the isotope. Experiments measure the kinetic energy of the emitted electrons, which is precisely determined by the mass difference between the parent and daughter nuclei. This condition is not met in conventional β decay because neutrinos are released from the isotope, carrying away energy.
Searches for 0νββ decay using 76 Ge have improved steadily for about three decades. Germanium semiconductor detectors are placed deep underground to shield them from cosmic rays that could scatter off the germanium and produce charged particles that look similar to those from 0νββ decay.
In the 1990s, several groupsincluding the International Germanium Experiment (IGEX), based in Spain 6 , and the Heidelberg-Moscow experiment in Italy 7 -pioneered the use of isotopically enriched detectors to increase the signal-to-background ratio, using facilities that were also involved in nuclear-fuel and -weapons production. But the backgrounds remained considerable. Improved semiconductor detectors were built to address this challenge, including the Majorana Demonstrator in South Dakota 8 , a device that uses copper shielding formed in underground clean rooms to prevent contamination from cosmic rays. The GERDA Collaboration published its Phase I results 9 in 2013. The researchers immersed the IGEX and Heidelberg-Moscow detectors, and five detectors of a new formatcalled Broad Energy germanium detectors -in a liquid-argon bath containing light sensors. Unlike signals from 0νββ decay, γ-rays, which arise from the natural radioactivity of the material surrounding the detectors, can scatter multiple times in both the germanium and the argon. The authors could discard these backgrounds because the interactions in argon produced light. However, although the experiment had greater sensitivity to 0νββ decay than the previous germanium-based experiments 6, 7 , it was still background-limited. At about the same time, researchers working on xenon-based experiments 10 ,11 began to use massive, monolithic (single-element)
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The search for no neutrinos
Scientists have seen no sign of an elusive nuclear decay that could help to explain why the Universe is dominated by matter, rather than antimatter. An upgraded experiment continues the search with unprecedented sensitivity. See Letter p.47 The GERDA Collaboration 1 has searched for a nuclear decay process called neutrinoless double-β decay (0νββ decay). The authors' experiment consists of an array of germanium semiconductor detectors immersed in a bath of liquid argon. If 0νββ decay were to occur inside a germanium detector, the two emitted electrons would produce positive charges (holes) that would be directed to an electrode by an electric field (not shown). However, γ-rays from outside the detectors can also scatter off the germanium, producing holes. To distinguish between these two processes, the GERDA Collaboration detects the light emitted when γ-rays interact with the liquid argon. It also designs the germanium detectors and electrodes to maximize the time it takes for holes to travel to the electrodes. Because γ-rays can scatter multiple times in the germanium, the detection of the produced holes will be spread out over time, allowing the authors to identify and reject these events.
detectors that have no internal sources of radiation, such as the copper that holds the germanium in the Majorana Demonstrator. In the Enriched Xenon Observatory (EXO) in New Mexico 10 , particles that interact with atoms of liquid xenon in the detector produce both light and electrons. Under the influence of an electric field, the electrons drift towards electrodes, where the magnitude and timing of the signals are studied. The arrival time of electrons reflects the location and number of interactions in the xenon. Particles that scatter multiple times are then rejected.
The KamLAND-Zen experiment in Japan 11 uses xenon dissolved in an organic liquid scintillator -a material that emits light when it absorbs an energetic particle. Interacting particles produce only light, which results in poorer energy and location resolution than that achieved by EXO. However, the detector benefits from low backgrounds, given its position at the centre of about 10 6 kilograms of liquid scintillator. Drastic increases in sensitivity to 0νββ decay have been achieved by both EXO and KamLAND-Zen, but they remain background-limited.
In the current paper, the GERDA Collaboration reports on its Phase II run, in which it uses an additional 25 Broad Energy germanium detectors. Using a technique similar to that of EXO, the authors use an electric field to direct positive charges (holes) produced by inter actions in the germanium to an electrode (Fig. 1) . They also design the detectors and electrodes to maximize the time it takes for holes to travel to the electrodes. This allows the authors to reject backgrounds that scatter multiple times in a detector.
The GERDA Collaboration uses the lack of a signal to calculate that it would take more than 5 × 10 25 years for one-half of a collection of 76 Ge nuclei to undergo 0νββ decay. Its final result is free of background -a remarkable achievement for the field, suggesting that future searches will be highly sensitive to 0νββ decay.
Despite these advances, 0νββ decay remains unobserved, leaving open the question of whether neutrinos are Majorana, and the explanation for the lightness of neutrinos and the matter-dominated Universe. Like GERDA, many experiments are planning more-sensitive searches using cutting-edge technologies. Among them, the Cryogenic Underground Observatory for Rare Events (CUORE) in Italy 12 has built the world's coldest cubic metre of material 13 (with a temperature of about 10 milli kelvin) to house an array of tellurium-based detectors with an overall mass of about 10 3 kg. EXO and KamLAND-Zen are also designing similarly sized detectors, with EXO exploring techniques to identify the daughter nucleus of the 0νββ decay, and join the zero-background club. The next generation of searches promises to be extremely exciting. ■ . Photo synthesis by land plants accounts for the greatest uptake of CO 2 , but this flux cannot be measured directly, and estimates 2 of the changes in the flux during the twentieth and twenty-first centuries have varied enormously -between +5% and +52%. On page 84, Campbell et al. 3 report that measurements of atmospheric levels of a gas called carbonyl sulfide (COS) can be used as a tracer of global changes in photosynthetic CO 2 uptake. The authors thus provide a much-needed global observational constraint on historical increases in this uptake, which they argue must be at the high end of previous estimates.
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Human activities release nearly 10 billion tonnes of carbon into the atmosphere each year 4 . Just less than half of this amount remains in the atmosphere, causing atmospheric CO 2 concentrations to rise. The rest is removed by the land biosphere and the oceans 4 . Evidence suggests 4, 5 that the amount of CO 2 taken up for photosynthesis by land plants -a quantity known as gross primary production (GPP) -has increased during the industrial period.
However, GPP can be estimated only indirectly, either from models or from ecosystem-scale measurements that capture the small difference between the opposing fluxes of photosynthetic uptake and emissions from respiration. GPP estimates based on models differ substantially from those based on data, This makes it difficult to use atmospheric CO 2 measurements to quantify photosynthetic uptake by land plants. By contrast, COS is predominantly produced in the ocean surface from the decomposition of sulfur-containing organic matter, and is almost exclusively consumed by land plants in processes that accompany photosynthesis. Because the ratio of COS to CO 2 uptake by land plants during photosynthesis is predictable, Campbell et al. 3 were able to use records of atmospheric COS concentrations for the past 54,300 years to show that the global rate of CO 2 flux into plants increased greatly during the twentieth century. CO 2 and COS (or its precursors) are also produced in large quantities by human activities, and some CO 2 and COS can be exchanged between the atmosphere and the soil. 
